Translating the terrestrial mitigation hierarchy to marine megafauna by-catch by Milner-Gulland, E. J. et al.
u n i ve r s i t y  o f  co pe n h ag e n  
Københavns Universitet
Translating the terrestrial mitigation hierarchy to marine megafauna by-catch
Milner-Gulland, E. J.; Garcia, Serge; Arlidge, William; Bull, Joseph; Charles, Anthony;
Dagorn, Laurent; Fordham, Sonya; Zivin, Joshua Graff; Hall, Martin; Shrader, Jeffrey;








Publisher's PDF, also known as Version of record
Citation for published version (APA):
Milner-Gulland, E. J., Garcia, S., Arlidge, W., Bull, J., Charles, A., Dagorn, L., ... Squires, D. (2018). Translating
the terrestrial mitigation hierarchy to marine megafauna by-catch. Fish and Fisheries, 19(3), 547-561.
https://doi.org/10.1111/faf.12273
Download date: 03. Feb. 2020




O R I G I N A L  A R T I C L E
Translating the terrestrial mitigation hierarchy to marine 
megafauna by- catch
E J Milner-Gulland1  | Serge Garcia2 | William Arlidge1 | Joseph Bull3,4 |  
Anthony Charles5 | Laurent Dagorn6 | Sonya Fordham7 | Joshua Graff Zivin8 |  





















































throughout	 the	hierarchy	 to	 improve	 the	achievement	of	by-	catch	goals.	We	con-
clude	by	highlighting	the	importance	of	clear	agreed	goals,	of	thinking	beyond	single	
species	and	 individual	 jurisdictions	 to	account	 for	complex	 interactions	and	policy	
leakage,	of	taking	uncertainty	explicitly	into	account	and	of	thinking	creatively	about	
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1  | INTRODUC TION
The	goal	 of	 no	net	 loss	 (NNL)	of	 biodiversity	 from	economic	de-
velopment	 is	 becoming	widely	 adopted	 by	 national	 governments	
and	 international	 lenders,	 potentially	 offering	 a	 method	 to	 limit	
the	 impacts	 of	 environmental	 damage	 in	 terrestrial	 and	 coastal	
systems	(BBOP	2012,	IFC	2012).	Several	large	multinational	com-
panies	have	signed	up	to	NNL,	or	even	to	producing	a	net	gain	of	
biodiversity	 as	 a	 result	 of	 their	 activities	 (Bull	&	Brownlie,	 2017;	
Rainey	et	al.,	2015).	Generally,	NNL	is	assured	by	the	use	of	a	mit-
igation	 hierarchy,	 often	 applied	 as	 part	 of	 an	 Environmental	 and	
Social	Impact	Assessment	(ESIA).	The	mitigation	hierarchy	requires	
that	project	proponents	first	avoid	doing	harm	to	biodiversity,	for	
example	 by	 sitting	 the	 development	 away	 from	 particularly	 sen-
sitive	 areas.	 Subsequently,	while	 carrying	out	 their	 development,	
they	should	minimize	 the	harm	done,	 for	example	by	 limiting	 the	
footprint	 of	 heavy	machinery	 to	 specific	 areas	 and	 not	 polluting	
watercourses.	They	then	remediate	the	biodiversity	loss	within	the	
development	 footprint,	 for	 example	 by	 replanting	 cleared	 areas	
post-	development.	The	final	step	is	to	offset	any	residual	additional	






versity	 in	a	given	location	and	assumes	that	 it	 is	possible	to	com-
pensate	for	this	harm	by	biodiversity	enhancement	elsewhere	(e.g.	
Maron	 et	al.,	 2016).	More	 generally,	 there	 is	much	 debate	 about	




















Pascoe,	 Wilcox,	 Jennings,	 &	 Paredes,	 2015).	 The	 current	 FAO	
International	Guidelines	on	Bycatch	Management	and	Reduction	
of	Discards	mention	economic	incentives	only	briefly	(as	the	only	
economic	 instrument)	 and	 refer	 only	 to	 incentives	 to	 promote	
innovation	in	gear	technology	(FAO	2011).	Many	questions	remain	






This	 article	 explores	 application	 of	 the	mitigation	 hierarchy	 to	





(bearing	 in	mind	 the	complexities	 in	definition	highlighted	by	FAO	
2011).	We	 limit	 our	 discussion	 to	marine	megafauna	 by-	catch	 for	
manageability	of	scope,	and	because	this	issue	is	of	particular	con-











impact	 of	 by-	catch	 can	 be	 used	 to	 support	 the	 application	 of	 the	
framework.	Finally,	we	sum	up	 the	potential	of	our	 framework	 for	
improving	by-	catch	mitigation	outcomes.
2  | CONCEPTUAL FR AME WORK FOR  
BY-  C ATCH REDUC TION
To	clarify	how	achieving	NNL	through	a	mitigation	hierarchy	would	
work	 for	 marine	 megafauna	 by-	catch,	 we	 present	 a	 conceptual	
framework	relating	to	the	target	level	of	by-	catch	impact	in	a	fishery.	
The	approach	can	operate	at	a	range	of	levels	from	the	global	to	the	
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The	next	step	is	to	define	a	quantitative	target	and	associated	
metric	by	which	the	goal	will	be	measured.	In	the	case	of	by-	catch	
of	marine	megafauna,	 one	 relatively	 intuitive	 approach	 is	 to	 de-
fine	 the	 target	 as	 zero	 net	 change	 in	 population	 growth	 rate	 of	




this	 metric	 is	 its	 requirement	 for	 monitoring	 data	 that	 can	 pro-
vide	 trends	 in	 population	 size	 over	 time,	 decomposed	 into	 vital	
rates	(survival,	fecundity)	so	that	the	contribution	of	by-	catch	and	
mitigation	measures	 to	change	 in	population	growth	 rate	can	be	
discerned.	 This	may	 be	 challenging	 for	many	marine	megafauna	
(Caswell,	Brault,	Read,	&	Smith,	1998).	Other	more	 readily	mon-
















a	baseline	 is	 therefore	 a	 type	of	counterfactual,	 against	which	any	











known	 as	 restoration	 or	 rebuilding)	 and	 offsetting.	 In	 the	 case	 of	
marine	megafauna	by-	catch,	we	take	“avoidance”	to	represent	mea-
sures	taken	in	order	to	reduce	the	probability	of	encounter	between	
potentially	 harmful	 gear	 and	 a	 potentially	 by-	caught	 individual,	
by	 separating	 fishing	 activity	 from	 individuals	 or	 stocks	 of	 poten-
tial	megafauna	by-	catch	 species	 (see	Table	2	 for	 example	 actions).	











egorized.	For	example,	 here	we	 include	 restoration	and	 rebuilding	
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the	stock	more	indirectly	or	act	at	the	broader	species	level	(such	as	
restoration	 in	 other	 locations	 or	measures	 to	 improve	 compliance	






















of	 that	 effort,	 BPUE,	where	 f()	 is	 the	 effect	 of	 this	 effort	 on	 the	
by-	caught	 species’	 population	 dynamics.	 This	would	 generally	 be	
calculated	as	the	output	of	a	population	model.	A	reduction	 in	EB 
is	equivalent	to	a	fishery	avoiding	by-	catch,	partially	or	completely.	
It	 could	 include	 restricting	 the	 fishery	 to	 particular	 areas	 or	 sea-






fort	 that	occurs	 in	 the	area	 in	which	there	 is	 risk	of	by-	catch	 (E).	
Given	 the	complexities	of	 estimating	EB,	 in	many	cases	 it	will	 be	
necessary	to	approximate	it	by	E	(e.g.	Tuck,	Polacheck,	&	Bulman,	
2003).	 This	may	 be	 problematic;	 for	 example,	 Báez	 et	al.	 (2007)	
show	 that	 loggerhead	 turtle	 (Caretta caretta,	 Cheloniidae)	 by-	
catch	in	the	Mediterranean	was	not	correlated	with	fishing	effort	
(measured	as	number	of	hooks);	by-	catch	was	instead	strongly	re-
lated	 to	distance	 from	 the	coast.	They	 suggest	 that	 this	was	not	
because	turtle	abundance	 is	a	 function	of	distance	 (which	would	





of	 nylon	 leaders	 on	 catch	 rates	 and	 showed	 that	 catch	 reduced	
with	nylon	for	sharks,	blue	marlin	(Makaira nigricans,	Istiophoridae)	
and	 snake	 mackerel	 (Gempylus serpens,	 Gempylidae),	 and	 in-
creased	 for	 bigeye	 tuna	 (Thunnus obesus,	 Scombridae)	 and	 black	
marlin	(Istiompax indica,	Istiophoridae).	The	relationships	between	
E,	EB	 and	BPUE	are	 likely	 to	be	 complex	 and	 confounded.	There	
have	been	 limited	explorations	of	 these	 relationships	 in	by-	catch	
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OT	 is	 the	 net	 effect	 on	 population	 growth	 rate	 of	 policies	
aiming	to	improve	the	overall	viability	of	the	by-	caught	species’	
population,	 representing	 “offsetting”	 of	 the	 damage	 caused.	 It	
represents	 the	 expected	 effects	 of	 measures	 to	 improve	 con-
ditions	 for	 individuals	 which	 would	 not	 have	 been	 at	 risk	 of	
by-	catch	 at	 that	 particular	 stage	 in	 their	 lives	 or	 location.	 For	
example,	 supplementation	 in	 nesting	 areas	 (for	 turtles);	 resto-
ration	of	nesting	habitat	(for	seabirds);	or	implementation	of	pro-
tected	areas	aimed	at	demographic	groups	not	directly	impacted	
by	 fishing	 (calving	 areas	 for	 cetaceans;	 juvenile	 concentrations	
for	fish).
3  | OPER ATIONALIZING THE FR AMEWORK
In	 Table	3,	we	 illustrate	 the	 application	 of	 the	 by-	catch	mitigation	
framework	 using	 four	 examples	 from	 different	 fisheries	 and	 by-	
catch	taxa.	Specific	solutions	to	Equation	1	could	come	from	taking	




approach	to	by-	catch	goals	is	appropriate,	EB,	BPUE	and	OT could be 
expressed	as	functions	of	cost	to	solve	the	equation	for	a	given	ΔλT. 
Another	 approach	would	 be	 to	maximize	ΔλT	 subject	 to	 a	 budget	
constraint.
Table	3	highlights	that	there	is	not	always	potential	for	effec-












must	be	 restructured	 in	 a	way	 that	 reduces	by-	catch	effectively	
(maybe	even	closed	down).	Or	investment	must	be	made	into	tech-
nological	 innovation	 to	develop	new	ways	 to	 reduce	by-	catch.	 If	
it	is	found	that	the	data	are	inadequate	for	the	analysis	required,	
then	the	decision	must	be	made	either	to	invest	in	improving	the	
evidence	base	or	 to	 recognize	 that	 it	 is	 not	 possible	 to	 evaluate	
whether	 by-	catch	 mitigation	 has	 been	 effective	 in	 reaching	 the	

























ements	 of	 the	 conceptual	 model,	 and	 the	 impact	 of	 this	 uncer-
tainty	on	which	element	of	by-	catch	mitigation	should	be	a	focus	
(Table	3).






















which	 aims	 to	 give	 premium	 prices	 for	 fish	 caught	 by	 skippers	
abiding	 by	 best-	practice	 by-	catch	 reduction	 guidelines	 (J.	 Alfaro-	
Shigueto	 and	 J.	 Mangel,	 personal	 communication).	 The	 research	
entails	collecting	detailed	economic	data	from	all	gillnet	vessels	to	




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Interviews	 and	 focus	 groups	 with	 fishers	 provide	 understanding	
of	 their	 preferences	 for	 different	 by-	catch	mitigation	 approaches,	











of	 various	 combinations	 of	 by-	catch	 reduction	 strategies,	 framed	
within	the	four	steps	of	the	mitigation	hierarchy	(avoid,	minimize,	re-
mediate,	offset),	with	a	clear	target	by-	catch	reduction	goal	in	mind.
4  | COMPARING KE Y DEBATES BET WEEN  
TERRESTRIAL NNL AND BY-  C ATCH  
MITIGATION








perspective.	 In	practice,	 avoidance	has	been	a	neglected	 step,	 and	
much	of	the	disquiet	about	biodiversity	offsetting	has	been	because	
of	the	tendency	to	pay	lip	service	to	avoidance	and	focus	instead	on	






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.2 | Out- of- kind offsets




ample,	one	suggested	benefit	of	 raising	 funds	 for	offsetting	 from	
a	by-	catch	tax	on	fishers	is	that	the	proceeds	from	such	a	tax	can	
finance	offsets	elsewhere	within	the	range	of	the	by-	catch-	affected	
population	 (Dutton	 &	 Squires,	 2008):	 Although	 not	 a	 true	 offset	
under	a	mitigation	hierarchy,	funds	from	the	California	drift	gillnet	
industry	 in	 2002	 financed	 sea	 turtle	 nesting	 site	 conservation	 in	
Baja	California	for	compensatory	mitigation	of	sea	turtle	by-	catch	
(Jannise,	 Squires,	 Seminoff,	 &	 Dutton,	 2010).	 In	 terrestrial	 (and	
marine)	systems,	 it	can	be	more	challenging	to	define	the	 impact-	
affected	 biodiversity,	 because	 impact	 is	 rarely	 as	 clearly	 linked	






impacted	 (BBOP	 2012).	 However,	 there	 have	 also	 been	 calls	 for	
“out-	of-	kind”	offsets	that	give	more	conservation	bang-	for-	buck	by	
focussing	on	threatened	species	or	rare	habitats,	or	areas	in	need	
of	conservation,	 rather	 than	 the	 impacted	areas	or	 species	which	





(Morar,	 Toadvine,	&	Bohannan,	 2015).	 As	 it	 is	 impossible	 fully	 to	
operationalize	the	concept,	implementers	of	the	mitigation	hierar-
chy	have	latitude	to	interpret	biodiversity	according	to,	for	example,	
ease	of	measurement,	 perceived	 societal	 value	or	mitigation	 cost	
(Maron	 et	al.,	 2016).	 In	 our	 case,	we	 take	 a	 narrow	 focus	 on	 the	
by-	caught	species	 itself;	 this	 is	 in	 line	with	much	of	 the	 literature	







As	marine	megafauna	 stocks	 are	 often	 transboundary	 and	mi-
gratory,	defining	the	appropriate	spatial	unit	 for	offsetting	may	be	
a	challenge	because	 the	most	effective	 location	 for	an	offset	may	
or	may	not	be	within	the	area	of	influence	of	a	given	fishery.	Clearly	
and	precisely	defining	 the	 spatial	 unit	within	which	 the	mitigation	





the	 appropriate	 spatial	 unit	 for	 offsetting	 activities	 is	 different	 to	
the	appropriate	spatial	unit	for	other	elements	of	the	mitigation	hi-
erarchy,	which	are	likely	to	be	defined	instead	by	jurisdictional	area	









4.3 | Research as an offset
A	related	area	of	active	controversy	for	marine	by-	catch	is	whether	
research	or	 information	gathering	should	be	seen	as	a	valid	offset	
mechanism.	 The	 rationale	 is	 that	 this	 research	 could	 be	 used	 to	
reduce	uncertainty,	promote	 innovation	and	 thereby	 improve	out-




mitigation	 or	 avoidance	 activities	 once	 more	 is	 known	 about	 the	
biological	 setting.	Whether	 research	 activities	 could	 appropriately	
be	considered	as	part	of	an	“offset”	is	controversial—in	some	cases,	












4.4 | Incentivizing implementation of mitigation  
measures
The	factors	that	drive	decision-	making	about	megafauna	by-	catch	
reduction	 (by	 skippers,	 companies,	 fishery	 managers,	 policymak-
ers	 and	 other	 stakeholders)	 include	 legal	 obligations	 to	minimize	
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by-	catch	 at	 the	 national	 or	 international	 levels	 (e.g.	 FAO,	 2011;	
Rice,	 2014),	 the	 availability	 and	 quality	 of	 technical	 fixes,	 associ-
ated	costs	 to	fishers,	 limits	on	access	to	seafood	markets,	as	well	
as	societal	pressures.	However,	much	research	on	by-	catch	reduc-
tion	 focuses	 on	 identifying	 and	 implementing	 technical	measures	
to	 reduce	BPUE,	 rather	 than	on	 the	 social	 and	economic	barriers	
to	 implementation	 (Campbell	 &	 Cornwell,	 2008).	 Technological	
innovation	 to	 improve	 BPUE	 needs	 to	 be	 appropriately	 incentiv-
ized,	with	efforts	made	to	ensure	that	such	measures	are	as	cost-	
effective	 as	 possible	 for	 fishers	 (Gjertsen,	 Hall,	 &	 Squires,	 2010;	
Lent	 &	 Squires,	 2017).	 However,	 it	 often	 happens	 that	 even	 ap-
parently	 suitable	 by-	catch	measures	 are	 not	widely	 implemented	















Therefore,	 the	 social	 side	 of	 implementing	 the	 mitigation	 hierar-









agency	 and	 societal	 perspective.	 In	 addition,	 with	 emblematic	 or	
highly	threatened	marine	megafauna	it	may	be	viewed	by	members	
of	 the	 public	 as	morally	wrong	 to	 kill	 any	 individuals	 even	 if	miti-
gation	is	in	place	(e.g.	Maui’s	dolphin;	Hamner	et	al.,	2014),	 leading	
to	pressure	on	governments	to	reflect	this	ethical	concern	in	regu-




can	 be	 appropriately	 applied	 (Bull	 et	al.,	 2013).	 Examples	 of	 loca-
tions	where	a	threshold	approach	 is	seen	as	appropriate	 in	terres-
trial	 systems	 include	 the	 habitat	 of	 highly	 endangered	 species,	 or	
ecosystems	which	 are	 limited	 in	 extent	 and	 irreplaceable	 (such	 as	




are	 so	 precious	 or	 threatened	 that	 no	 level	 of	 threat	 from	 fishing	
can	be	contemplated,	and	others	where	fishing	subject	to	NNL	and	
the	mitigation	hierarchy	is	a	socially	acceptable	approach.	In	situa-

















The	 nature	 of	 the	 uncertainties	 surrounding	 biology	 and	 enforce-
ment	 in	 the	marine	 setting	 raises	questions	 about	 the	ordering	of	




eradicating	 invasive	species	 from	a	seabird	nesting	habitat	 is	both	
less	 uncertain	 and	 more	 cost-	effective	 than	 avoidance	 measures	
such	as	closing	areas	which	may	or	may	not	be	frequented	by	adult	










































(Zedler	&	Callaway,	 1999),	 by-	catch	offset	 strategies	which	 target	
juvenile	stages	of	 long-	lived	species	 (e.g.	 turtle	headstarting	or	 in-
vasive	 removal	 from	seabird	nesting	 islands)	may	 take	many	years	
for	 their	 effects	 to	 become	 apparent	 in	 an	 increase	 in	 population	
growth	rates.	Additional	uncertainty	is	introduced	by	the	difficulty	
















most	of	 these	 incentive	 approaches	 are	 yet	 to	be	 implemented	 in	
the	 real	world,	particularly	 for	by-	catch.	Therefore,	until	 empirical	
evidence	of	their	effectiveness	is	available,	these	suggestions	come	
with	a	caveat.





















likely	 to	 be	 incorporated	 into	 the	 price	 of	 the	 target	 species,	 and	
thereby	becomes	part	of	the	target	species	cost.	This	price	could	be	
set	 differently	 for	 different	 demographic	 classes	of	 the	by-	caught	
species,	 depending	 on	 the	 impact	 the	 loss	 of	 an	 individual	would	
have	on	the	population.	All	else	being	equal,	putting	a	price	on	by-	
catch	means	 that	 the	seafood	product	 that	 is	 the	 target	catch	be-




reduction	equals	 the	common	price	of	by-	catch	 that	 they	all	 face.	
Offsets	are	one	way	to	price	and	internalize	the	by-	catch	externality	
cost.	If	an	offsetting	action	is	costly	to	implement	and	must	be	paid	
for	with	 each	 unit	 of	 by-	catch,	 it	 implicitly	 prices	 the	 residual	 by-	











If	 there	 is	demand	for	conservation	 in	an	 international	market,	
then	 price	 premiums	 and	 market	 access	 (through	 eco-	labelling,	
supply	 chain	 certification,	 other	 food	 sustainability	 campaigns;	
Ward	&	Phillips,	2010),	or	boycotts	acting	as	strategic	threats	from	
consumers	 (Kotchen,	 2013;	 Segerson,	 2010),	 could	 act	 as	 positive	
or	negative	economic	 levers	on	the	 fishery,	providing	an	 incentive	
for	 fishers	 to	 reduce	 their	 by-	catch	 voluntarily	 (as	 has	 been	 sug-
gested	 for	 the	 Brazilian	mahi-	mahi	 fishery;	 Table	3).	 For	 example,	
the	Marine	 Stewardship	Council	 now	 includes	by-	catch	mitigation	


























nomic	 incentives	 (extrinsic	motivation)	 are	 not	 always	 superior	 to	
those	based	upon	 intrinsic	motivation.	 In	fact,	 incentive-	based	by-	
catch	 reduction	 policy	 instruments	 could	 even	 be	 counterproduc-
tive	by	reducing	the	effectiveness	of	intrinsic	motivation,	depending	
upon	 the	 situation	 (although	 the	 empirical	 evidence	 on	 this	 topic	












Sometimes	 the	 most	 efficient	 way	 to	 solve	 problems	 is	 a	 so-
cial	 instrument	or	an	 institutional	change	 in	place	of,	or	as	well	as,	
an	 economic	 instrument.	 For	 example,	 supporting	 development	
of	 fisher	organizations	 rather	 than	 instituting	 a	 vessel-	level	 tax	or	




in	 terrestrial	 system	 produces	 similar	 insights;	 incentive-	based	
schemes	which	also	build	community	cohesion	and	support	the	de-
velopment	 or	 strengthening	 of	 local	management	 institutions,	 are	
more	 effective	 in	 the	 longer	 run	 than	 direct	 economic	 incentives	
(Clements	et	al.,	2010).
6  | CONCLUSIONS
The	 framework	 we	 present	 here	 is	 novel.	 It	 draws	 upon	 and	 ex-
tends	 the	 frameworks	 for	 conceptualizing	 by-	catch	 developed	 by	
Hall	 (1996)	 and	 Hall,	 Alverson,	 and	Metuzals	 (2000).	 It	 amalgam-
ates	Hall’s	 framework	with	 the	mitigation	hierarchy	as	used	 in	 the	
Environmental	 Impact	 Assessment	 literature	 (BBOP	 2012).	 The	
suggestions	 about	 goals,	 metric	 and	mitigation	 actions	 are	 drawn	
from	the	empirical	by-	catch	literature,	and	the	issues	we	discuss	in-
tegrate	the	concerns	of	the	extensive	terrestrial	and	nascent	marine	
offsetting	 literature	 with	 the	 by-	catch	 literature.	 The	 framework	
makes	clear	 that	an	early,	crucial,	 step	 is	 to	clarify	 the	goal	of	any	




islated	or	agreed	by-	catch	 reduction	goals	 tend	 to	be	 less	 specific	
than	they	could	be,	and	this	leads	to	problems	in	interpreting	these	
goals	 in	order	to	plan	a	by-	catch	mitigation	strategy	(see	the	case-	






Once	 the	 by-	catch	 goal	 is	 known,	 options	 for	 implementing	
avoidance,	minimization,	remediation	and	offsets	can	be	clarified	(as	




between	 jurisdictional	 units,	 fisheries,	 target	 stocks	 and	 by-	catch	
stocks.	Jurisdictional	issues	are	important	and	complex,	potentially	















will	 require	 consideration	 of	 the	 potential	 interactions	 between	
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by-	catch	mitigation	approaches	targeted	at	different	species	(Serafy	
et	al.,	 2012).	 Actions	 to	 mitigate	 by-	catch	 for	 one	 group	 of	 spe-
cies	 can	 increase	 or	 decrease	 it	 for	 others,	 and	 so	 a	 system-	wide	
approach	 is	needed.	For	example,	 changing	 from	J-	hooks	 to	circle	
hooks	to	reduce	mortality	of	turtles	may	decrease	or	increase	shark	
mortality	(Andraka	et	al.,	2013;	Godin,	Carlson,	&	Burgener,	2012).	
In	 terrestrial	 systems,	 similar	 interactions	 arise,	 and	 value	 judge-
ments	are	made	(whether	explicitly	or	implicitly)	as	to	what	loss	and	
gain	 of	 “biodiversity”	 translates	 to	 in	 operational	 terms,	 and	what	
elements	of	biodiversity	matter	most	to	implementers.













By-	catch	 reduction	 measures	 have	 had	 significant	 successes	
over	the	last	decades,	as	a	result	of	substantial	investment	of	time	
















of	 implementing	 the	goal	of	no	net	 loss	 through	a	mitigation	hi-
erarchy	 is	as	applicable	 to	marine	megafauna	by-	catch	as	 to	 ter-
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